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The Spectrum of Radmm Emanation. 
By Alexander Thomas Cameron, M.A., B.Sc, and Sir William Kamsay, 

iA.,V^.jL>.j Jb .Ja-.O. 

(Received July 2, 1908.) 

In May, 1904, one of the authors, in conjunction with Professor Collie 
measured the visual spectrum of the emanation accumulated in 14 days 
from 109 milligrammes of radium bromide, by means of a direct vision 
spectroscope. 

A subsequent measurement was made with 11 days' accumulation. It was 
then stated* : — '' The spectrum was very brilliant, consisting of very bright 
lines, the spaces between them being perfectly dark ; it had a striking 
resemblance in general character to the spectra of the gases of the argon 
group." This spectrum became rapidly faint, and had largely disappeared 
in less than a minute; it was replaced by the spectrum of secondary 
hydrogen. 

We have now repeated this experiment several times with the emanation 
accumulated during 12 days from 477 milligrammes of radium bromide, with 
partial success : and recently with perfect success, no other spectrum being 
visible at first but that of the emanation. It was intensely brilliant, and 
consisted of a number of green, blue, and violet lines, besides a very slightly 
refrangible line in the red. The spectrum was photographed ; but during the 
exposure, which lasted 4 to 5 minutes, it faded, and was replaced by that of 
hydrogen. The tube was photographed three times altogether; the second 
and third exposures lasted about eight minutes ; the hydrogen lines, as a rule, 
were equally strong in the second and third photographs, and almost entirely 
absent from the first. On reducing the pressure, a number of lines appeared 
in the second photograph, which seem to be additional lines of the .emanation. 
The action of the discharge is to drive the emanation into the negative 
electrode, where it is largely absorbed; for the glowing, due to, secondary 
products, was much more brilliant there than through the rest of the tube. 

The greater part of the lines previously observed have been confirmed; 
and a number have been added to the list. The degree of exactitude is 
of course, very much greater than before ; in most cases the limit of error is 
not greater than one or two Angstrom units ; the lines of secondary hydrogen 
already mapped, and apparently not with great accuracy, were taken as fiducial. 

* ^ Proceedings/ vol. 73, p. 472. 
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The secondary spectrum of hydrogen is being re-mapped by Mr. Herbert 
Watson, and the lines will be corrected as soon as his measurements are 
complete.* The following table shows the results of two experiments ; in 
Column 1 are the wave-lengths of the lines; in Column 2 their intensities 
when photographed during the first experiment; in Columns 3, 4, and 5, 
their intensities if observed on the first, second, and third photographs of the 



W aTe-length. 


Intensity. 


Previous reading. 


Remarks. 














Experiment 1. 


Exj 


jeriment 2. 


(Ramsay and OoUie.) 








^ 


6350 faint 
6307 evanescent 




6307 




f 


1 


1 


Probably F. 


6070^ 


0-6 




8 


1 






5995 






1 


- 


5975 faint 
5955 „ 


Doubtful 
Probably H. 


5887 






3 


1 


5890 „ 
5805 persistent 
5725 fairly strong 
6686 faint 
5595 strong 


Uncertain 


5584 






1 




5580 faintj persistent 
5430 faint 
5393 „ 




5077^ 


— . 


3 


1 








4977* 




3 


0-5 




4985 strong, persistent 
4966 bright, transitory 


i 


4932* 


0-5 




3 


0-5 






4926* 


—— 




3 








4817* 




2 




— 






4723* 


2 


0-5 


4 


0*5 






4704 




1 


1 






Doubtful 


4680* 


0-6 


6 


1 




4690 transitory 




4669* 




2 


1 








4654* 




2 


1 








4644* 


0-2 


8 


2 


1 


4650 transitory 


■ 


4632* 


3 


0-5 


10 


1 


4640 




4624* 


0-5 


8 


3 


1 


4630 




4608* 


— 


2 


7 


1 






4603* 


2 


3 










4578* 


1 


2 


9 


3 






4547 




1 








Doubtful 


4509* 


1 


2 


4 


1 






4505 


— 


1 






, ■ 




4440 




1 


~— . 


II 




5> 
• • 


4435* 


1 


1 


3 


1 


1 


77 


4310* 


2 


3 


5 




! 




4208* 


0-5 


9 


4 


3 






4170* 




10 


4 


2 






4114* 




2 


™™ 


.,,_ 






4057 


5 


3 


15 


20 






4014* 




3 


0-5 








3977* 




6 


2- 








3967* 


— « 


5 










3950* 




2 


'■'■"'" 









■^ The corrected values are given in the addendum, infra^ all except five lines, for 
which the corrected values are 6068, 5887*5, 4702, 4634*5, 4058'5. 
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second experiment. Column 6 gives the wave-lengths and intensities of the 
lines observed visually by Collie and Eamsay The photograph taken during 
the first experiment showed chiefly secondary hydrogen and some nitrogen ; 
it is somewhat remarkable that so many lines belonging to the emanation 
were photographed. 

The asterisked lines are undoubtedly those of the emanation. 

The greater number of these lines grow weaker with the duration of the 
discharge, and in some cases fade out, so that they are absent from the third 
column of Experiment 2. But in some cases, and conspicuously in line 4058*5, 
the intensity has increased astonishingly. This line is near a mercury line 
of wave-length 4047, the intensities of which vary from 3 in the first plate to 
6 in the second, and to 2 in the third ; it is given in spectrum tables as of 
intensity 10. It looks probable, therefore, that the line 4058*5 is due to some 
product of the decay of the emanation, the quantity of which increases with 
length of passage of the discharge. 

Thrpugh the kindness of Sir William Huggins, we have been furnished 
with a list of the more important lines of the nebute. 'No one of them 
appears to be due to radium emanation. 

Addendum. — Beceived August 5, 1908. 

In the experiments just described ordinary panchromatic plates were used. 
In two later experiments " spectrum '' plates were employed. In the first of 
these the spectrum only lasted a minute and a-half. The lines in the 
photograph were all very weak. They included most of the emanation lines 
previously photographed, together with the slightly refrangible line in the 
red, already referred to ; the wave-length of this line is 7050. 

In all these experiments the spectrum tubes were fitted with aluminium 
electrodes, and the rapid absorption of the emanation was undoubtedly 
connected with this. In a final experiment, on the recommendation of 
M. de Bort, we used copper electrodes. The result was entirely satisfactory. 
They apparently contain no hydriDgen, and absorb emanation much more 
slowly. The tube became vacuous only after 7 to 8 minutes and a very 
good photograph was taken. It contained a large number of new lines 
belonging to the emanation spectrum, besides a number of mercury lines. 
The hydrogen lines were few, and their intensity were unaltered throughout. 

The unitalicised figures in the following table refer to lines measured in 
this last experiment with the corresponding intensities. Italicised figures 
refer to lines absent in this case, but measured ]3reviously. 
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Wave- 
length. 


Intensity. 


Remarks. 


Wave- 
length. 


Intensity. 


Bemarks. 


7050 


2 




4592 


1 


Doubtful 


6150 


2 




4585 


4 


Observed before, weak 


6101 


2 




4578 -5 


3 


Very strong previously 


6055 


2 




4545 -5 


2 




5980 -5 


2 




4541 


1 




5679 -5 


2 




4532 '5 


2 




5586 


2 




4524 


4 


Possibly H. 


5446 


1 




4509 


4 




5419 


4 




450S 


2 


Doubtful 


5370 


2 




4501 


3 




5335 


3 




4481 


4- 




5289 


6 




4463 -5 


8 




5083 


2 




4449 


4 




4979 


2 




4441 -5 


<1 




4986 


2 


Possibly H. 


4436 -5 


<1 




4920 


3 


Observed before < 1 


4416:5 


4 




4883 


2 


» <1 


4391 


3 




4873 


2 




4349 


6 


Observed before 


4843 '5 


10 


» <1 


4331 


4 




4816 


2 




4307 


2 




4806 -5 


1 




4246 


4 




4768 


2 


„ „ weak 


4239 


3 


Observed before <1 


4731 -5 


2 


a » )5 


4204 


5 




4722 


4 




4189 


5 




4695 -5 


2 , 


J> )> 3J 


4167 


6 




4681 


5 




4114 


3 




4672 


7 




4018 '5 


4 




4652 -5 


3 




8982 


8 




4645 -5 


6 




S973 


6 




4626 -5 


10 




8968 '5 


3 




4616 


2 




S879 '5 


10 




4610 


2 




$866 '5 


6 




4605 


10 




8856 '5 


4 





Since this paper was communicated to the Society Professor Eutherford 
and Mr. Eoyds have published a preliminary account of their work on the 
same subject.* Their figures show a very close agreement with those given 
above. 

Our thanks are due to Mr. Herbert Watson for some assistance in 
measuring the wave-lengths of the lines, and for placing at our disposal hm 
results of measurement of the secondary spectrum of hydrogen. 



* 'Nature,' July 9, 1908, p. 220. 



